The Taiwanese government has encouraged bank privatization and the establishment of financial holding companies to improve banking sustainability and consolidate banks, insurance companies, and securities firms. It is important for bank decision makers to set policies that lead to sustainable development. However, the literature remains unclear about the types of banks that achieve greater business sustainability. This paper aims to (1) identify the criteria that affect banks' business sustainability and (2) determine the most sustainable types of banks. This study uses a hybrid multiple-criteria decision-making approach on eighteen financial criteria for twenty-five Taiwanese listed banks with data from 2012 to 2016. The results show that non-performing loan ratio is the most critical factor. In addition, financial holding companies outperformed non-financial holding companies. Financial holding companies with insurance companies as their largest subsidiaries performed best. Private banks exceeded state-owned banks in sustainability. The results lead to two implications. First, banks should value risk over profitability and diversify financial products. Second, the government should continue to privatize banks. These findings suggest that bank managers implement an enterprise resource planning (ERP) system with a master plan, framework, and guidelines to help them track bank performance indicators to ensure sustainability.
Introduction
Banks play a vital role in channeling funds from savers to borrowers to stimulate economic growth. Bank failures have devastating effects on the economy because they prevent businesses, investors, and consumers from accessing funds necessary for financial growth. Given the critical roles of banks in an economy, bank managers must make decisions with sustainability in mind so that enterprises and investors can continue to receive bank loans for business operations and investment opportunities [1] . The banking crises in 1997 originating in Southeast Asia compelled international organizations such as the International Monetary Fund (IMF) and the Basel Committee on Banking Supervision (BCBS) to set global standards for banking sustainability. BCBS established regulations such as Basel I (1998), Basel II (2004) , and Basel III (2009) to address significant risks faced by banks: capital risk, market risk, and operational risk. For example, after the global crisis in 2008 and the collapse of Lehman Brothers, BCBS announced Basel III, which requires banks to raise their liquidity ratios and minimum capital (calculated by dividing Tier 1 capital (mainly common shares and retained earnings of a bank) by total assets less intangible assets) to safeguard banks against excessive debt. evaluate alternatives by breaking problems into smaller components. After weighing the criteria and making judgments about smaller components, we reassemble pieces to present the overall picture to allow decision makers to evaluate the alternatives by their ranking [27] [28] [29] .
In contrast, the MCDM structure exhibits the order of importance in the system for decision makers to comprehend the priority of alternatives in a multiple-criteria environment. To overcome deficiencies of prior research models, this study builds a hybrid MCDM model incorporating the Decision-Making Trial and Evaluation Laboratory (DEMATEL) technique, DEMATEL-based Analytic Network Process (DANP) method, and Simple Additive Weighting (SAW) technique. First, we used the DEMATEL technique to discover the influential network among the sustainability performance dimensions and criteria. Then, we applied the DANP method to identify the common weights of the dimensions and criteria that are interdependent in the real world. Finally, we used the SAW technique to calculate the weighted average and then the overall score and ranking of each alternative for decision makers [30, 31] .
This study contributes to the sustainability literature in three ways. First, we use the opinions of domain experts with profound knowledge of banking to decide the final list of financial ratios as criteria in the measurement of banking sustainability. Second, we use a hybrid MCDM model that mimics the judgments and reasoning of decision makers in the real world [32] . This model identifies the interrelationships, weights, and rankings of multiple sustainability performance criteria. Third, we focus on the emerging market rather than the common mature market. We obtain the sustainability performances of all listed Taiwanese banks. We compare FHC and non-FHC banks and state-owned and private banks. The results of our study show that FHC banks outperform non-FHC banks, and private banks exceed state-owned banks, in sustainability performance. In addition, FHC banks with insurance companies as their largest subsidiaries have the best performance among all FHCs. Understanding the decision-making process leading to sustainability is crucial for bank leaders to improve evaluations. The results of this study can assist bank managers in making optimal decisions to achieve sustainability through an ERP system. For example, the outcome of this paper recommends that managers should value risk management over profitability and avoid over-lending.
The remainder of this paper is organized as follows. Section 2 explains the research models and description of the data, including data sources and definitions of criteria. Section 3 includes empirical results and discussion. Section 4 presents conclusion, limitations, and future research.
Literature Review
This section describes the major research topics including the linkage between sustainability and financial performance (Section 2.1), the methodology used in this study (Section 2.2), and ERP system (Section 2.3). The contents of this section lead to the design of MCDM methodology which measures bank sustainability performance.
Linkage between Sustainability and Financial Performance in the Banking Industry
The promulgation of sustainability is critical in the financial sector. A safe and sound banking system aids a nation in its economic development by channeling money from fund providers to users [33, 34] . Kartadjumena and Rodgers [35] found that when corporate executives become more conscious of sustainability, they strive to improve company financial performance (CFP). For this reason, FSC, the regulatory authority for financial institutions, supervise banks so that banks adhere to their fundamental values of helping individuals and businesses to access the needed funds in fulfillment of their personal and business goals, thus stimulating the wealth and prosperity of the community as a whole [5] . The importance of keeping banks as financial intermediaries in operations over an extended period while minimizing damages to depositors and investors resulting from adverse events cannot be ignored [36] . Therefore, it is critical for banks to strengthen their sustainability through specific performance indicators [8] .
Many researchers have used financial ratios to predict business entities' performance in the future [37] [38] [39] [40] because ratios are precise and widely available. Similarly, Presley et al. [41] claimed that sustainability performance could be measured by financial factors that achieve banks' financial goals. Increased competition and stakeholder pressure due to globalization compel banks to exert more effort to achieve sustainability, which is interrelated with sustainable finance [42] . For example, banks in China invest in corporate sustainability to increase their financial success and reinvest partial returns to other sustainability activities, including corporate social responsibility programs [43] .
Albertina [44] conducted a meta-analytical study based on 52 studies over a 35-year period and revealed that a positive relationship exists between corporate environmental performance (CEP) and corporate financial performance (CFP). Similarly, Dixon-Fowler et al. [45] who examined the CEP-CFP relationship including environmental performance, firm size, and self-reporting policy reached the same conclusion. Friede et al. [46] discovered a substantially higher portion of positive outcomes of the environment and social performance on corporate financial performance in emerging markets (65.4%) compared to developed markets (38.0%). Additional empirical evidence also showed that listed companies that focus on sustainability are likely to demonstrate superior financial performance [47] .
Financial regulatory authorities and supervisory agencies around the world use financial indicators to measure bank performance because financial indicators are standardized, which allows comparison across banks. The Basel Committee on Banking Supervision set internationally agreed measures, Basel III, to improve risk management of banks by requiring a minimum amount of capital. To follow international standards, TWSE requires every Taiwanese listed company to fully disclose its financial information according to the TWSE official guidelines. TWSE reports the financial condition of every listed company in five major categories: financial structure, liquidity, operation efficiency, profitability, and cash flow. TWSE believes that listed companies who are transparent about their business and financial information have greater abilities to protect investors and winning their trust. Such disclosure would elevate a firm's financial performance [48] . Similarly, FSC monitors all Taiwanese banks' performance through a set of indicators such as NPL and loan-to-deposit ratio. These ratios shed light on the level of banks' sustainable development in the protection of consumers and investors [5] . Furthermore, Liang et al. [8] provided empirical evidence that banks listed on Dow Jones Sustainability Index (DJSI) have higher cost efficiency than non-DJSI banks, suggesting that the concept and practices of sustainability improve banks' financial performance.
MCDM Methods Used in this Bank Sustainability Evaluation Model
Prior literature used mostly statistical methods to evaluate corporate sustainability in the banking sector [49] [50] [51] . These statistical methods include data envelopment analysis (DEA), stochastic frontier analysis (SFA), stochastic meta-frontier approach (SMF), technology gap ratio (TGR), and meta-frontier cost efficiency (MCE). They were useful in comparing banks that practice CSR and banks that do not, in terms of cost efficiency.
The conventional statistical models and financial ratios held unrealistic assumptions that all variables that are mostly financial in the model are independent and equally important. The MCDM model used in this study attempts to address this problem in two ways. First, we consulted domain experts who have many years of experiences in the banking sector to screen financial ratios. Second, we identified the dependence among variables and gave weight to each one. Only a few studies adopted the MCDM approach to examine and evaluate corporate governance in the banking sector [10] . Scarce literature has been devoted to refining an existing model in order to identify the critical determinants that affect banking's abilities to sustain their developments and the types of banks that appear to be more sustainable. Our study makes a unique contribution to the literature by making such an attempt.
The MCDM structure in this study exhibits the order of importance in the system for decision makers to comprehend the priority of alternatives in a multiple-criteria environment. To overcome deficiencies of prior research models, this study builds a hybrid MCDM model incorporating the Decision-Making Trial and Evaluation Laboratory (DEMATEL) technique, DEMATEL-based Analytic Network Process (DANP) method, and Simple Additive Weighting (SAW) technique. First, we used the DEMATEL technique to discover the influential network among the sustainability performance dimensions and criteria. Then, we applied the DANP method to identify the weights of the dimensions and criteria in the real world. Finally, we used the SAW technique to calculate the weighted average and then the overall score and ranking of each alternative for decision makers [29] [30] [31] .
ERP System Implementation
Enterprise resource planning (ERP) is a computer system or a software package that integrates applications programs in deposits, loans, collection, accounting, and the other functions in an organization [21] . All departments within a financial holding company or an independent bank can access the same relevant information promptly [22] . For example, the deposit department knows about new deposits as soon as customers complete the deposit process at the front desk. Bank sales department knows the exact status of a business client. Collection department is aware of a loan default immediately when a particular loan becomes past due. In addition, the bank's accounting system is updated when all relevant transactions occur.
The ERP system is an essential step that aid bank practitioners in tracking bank performance based on the results of this study [52] . Chofreh et al. [24] suggested that a master plan be developed to implement an ERP system. A master plan contains three parts: roadmap, framework, and guidelines. Although each component has its role in the ERP system, the three components are interconnected to achieve coherence.
Road-mapping is a method that is used to develop policies in the firm [53] . In the context of the banking sector, bank senior managers should decide the computer system and applications to support a long-term monitoring system to ensure bank sustainability based on the critical factors identified in this study [20] .
The framework of an ERP system describes the processes of implementation. According to Zhang et al. [54] , the framework of an ERP system includes an organization environment, people characteristics, technical development, and ERP vendor support. Organization environment entails bank top management and employees to support such a project company-wide and an appointment of project managers to implement the ERP system [20, 22] . People characteristics involve training of bank employees who should participate in the development and implementation of the ERP system. Technical developments require the selection of suitable hardware and software. ERP vendor support will be successful if the vendor has adequate knowledge of banking businesses.
Finally, the guidelines of an ERP system refer to the policies and rules set by the management to ensure the smooth operation of the ERP system [20, 23] . Specifically, bank top managers should establish a set of policies and rules to specify employees who have data access to monitor bank sustainability indicators, such as NPL and loan-to-deposit ratio, the frequency of reviewing these indicators, and managers who are held accountable for the improvement of sustainability. Park [20] claimed the depth of post-ERP business process reengineering (BPR) accounts for the sustainable implementation of ERP. Therefore, the evaluation of bank guidelines should be executed by the top managers regularly to ensure the policies are aligned with the changes in business processes within a bank. Alternatively, a bank could re-structure its business processes to be compatible with the ERP system.
Materials and Methods

DEMATEL/DANP/SAW Techniques
Based on prior research, a firm's financial performance can be used to measure its level of sustainability [8, 55] . However, financial ratios must be carefully selected with relevance to the financial sector. Therefore, we use the MCDM approach because it includes a qualitative feature, which is an expert opinion. The senior professional banks' opinions provide the most significant factors in determining banks' sustainable development. These factors are expected to precisely reflect banks' abilities to sustain themselves in the long run without bias. Thus, the MCDM methods in this study are designed to identify a preferred alternative or rank alternatives in a subjective order [27] . This uses a hybrid MCDM approach that encompasses DEMATEL, DANP, and SAW. Each method is described below:
The Decision-Making Trial and Evaluation Laboratory (DEMATEL) method first proposed by Fontela and Gabus [56] was developed by the Battelle Memorial Institute Geneva for two purposes. First, it can explain complex societal problems. Second, as part of the hybrid MCDM models, it can evaluate qualitative and factor-linked aspects of societal problems [56] [57] [58] . The DEMATEL method has been successfully applied to areas such as marketing strategies, control systems, and competencies training of global managers; and group decision-making [59, 60] . This study uses the DEMATEL technique to build a pairwise influential network relation map (INRM) to detect the interrelationships among evaluation dimensions and criteria. In addition, the DEMATEL technique can identify the level of influence of each criterion over others. The values of these influence levels can be used as the basis of determining weights of criteria to derive relative importance.
Among MCDM methods, the analytic hierarchy process (AHP) and the analytic network process (ANP) are widely used to solve complex evaluation problems. Saaty [61] first published a detailed study on AHP and later [62, 63] published a study on the development of a new method: ANP. AHP structures a decision problem into a hierarchy with a goal, decision criteria, and alternatives. AHP assumes that criteria in a hierarchy are independent. In contrast, ANP considers a system in which elements and alternatives are connected as a network, with some elements having dependence from or on others. ANP measures the weight of each component of the network and then ranks the alternatives in a decision-making process. This study integrates the DEMATEL technique with ANP, also known as DANP (DEMATEL-based ANP), to calculate the DANP influential weights, or "global weights." We use DANP in our research to determine the influential (global) weights of the selected criteria. Then, the results of the DANP methods can be rearranged to form another evaluation model using the SAW method, which solves the problem of mutual dependence of components [36] . The SAW method proposed by Zionts and Wallenius [64] is a simple and frequently used MCDM technique to solve the selection problem in the presence of conflicting criteria. The weighted average of each alternative is first calculated, and then a ranking of all alternatives can be arranged. The alternative with the highest overall score is the best option and is most likely to be taken by decision makers [38] .
The Hybrid MCDM Model
To evaluate bank performance, we use a combination of DEMATEL, DANP, and SAW techniques. Figure 1 depicts the hybrid MCDM model integrating three sub-approaches: DEMATEL, DANP, and SAW. The study conducts its analysis in three steps. First, DEMATEL is used to detect cause-effect influence relationships among the criteria. In the second step, the banking experts' provide their opinions, which were used to determine the influential weight of the DANP method. In prior literature, bank performance evaluation models, such as DEA, did not provide a common set of weights to indicate the preference structure of decision-makers [65] . This study uses the DANP technique that combines DEMATEL and ANP to obtain the influential weights, which is also known as "global weights". This method takes interdependence of the variables into consideration, thus solving the problems of mutual dependence, feedback among criteria, and identify weights of criteria [65] .
Finally, we use the SAW technique to select alternatives. Figure 1 depicts the hybrid MCDM model used in this study.
Furthermore, the DEMATEL in the hybrid MCDM model can be broken down into four steps described below.
Step 1: Prepare a list of financial ratios from the Financial Supervisory Commission and Central Bank of Taiwan for domain experts to verify. We included eighteen criteria in the questionnaire forms for Taiwanese banks' top executives, who provided the pairwise comparisons between any two criteria expressed by an integer number from 0 to 4. The scores indicate absolutely no influence (0), low influence (1), medium influence (2), high influence (3), and extremely high influence (4). Furthermore, the DEMATEL in the hybrid MCDM model can be broken down into four steps described below.
Step 1: Prepare a list of financial ratios from the Financial Supervisory Commission and Central Bank of Taiwan for domain experts to verify. We included eighteen criteria in the questionnaire forms for Taiwanese banks' top executives, who provided the pairwise comparisons between any two criteria expressed by an integer number from 0 to 4. The scores indicate absolutely no influence (0), low influence (1), medium influence (2), high influence (3), and extremely high influence (4) .
Based on the expert's opinions, we constructed the initial direct influence-relation matrix R = [ ], where denotes the influence of criteria on another criteria as perceived by experts. Then, the average values were used to form the initial average influence-relation matrix A, indicating the degree of influence of one criterion on another and of one criterion from others. Therefore, an 18 column by 18 row average matrix A can be built by Equation (1), where equals the number of total criteria (1 ≤ ≤ and 1 ≤ ≤ ):
Step 2: Normalize the average matrix A to obtain the direct-influence relation matrix D. The matrix D = [ ] n×n can be derived from using Equations (2) and (3), where μ is a constant used for normalizing A:
Step 3: Construct the total influence-relation matrix T. The indirect effects of the model diminish with an increase in the power of D. The total influence-relation matrix T is defined by Equations (4) and (5):
Step 4: Analyze the sum of each column and row in T to generate the cause-effect influence relations among the criteria. The sum of each row and column in T can be denoted by ( = , for ∈ 1,..., ,) and ( = , for ∈ 1, ). Moreover, the difference -(for = 1,..., ) can be used to divide the criteria into two groups, namely, the cause and effect groups. If -> 0, then Based on the expert's opinions, we constructed the initial direct influence-relation matrix R = [r ij ], where r ij denotes the influence of criteria i on another criteria j as perceived by experts. Then, the average values were used to form the initial average influence-relation matrix A, indicating the degree of influence of one criterion on another and of one criterion from others. Therefore, an 18 column by 18 row average matrix A can be built by Equation (1), where n equals the number of total criteria (1 ≤ i ≤ n and 1 ≤ j ≤ n):
Step 2: Normalize the average matrix A to obtain the direct-influence relation matrix D. The matrix D = [d ij ] n×n can be derived from using Equations (2) and (3), where µ is a constant used for normalizing A:
Step 4: Analyze the sum of each column and row in T to generate the cause-effect influence relations among the criteria. The sum of each row and column in T can be denoted by
can be used to divide the criteria into two groups, namely, the cause and effect groups. Step 5 and 6 using the DANP technique are explained below.
The T defined in Equation (5) can be denoted as T C , with the assumption that there are k dimensions and n criteria in T. Then, by using the notations from the index matrices (K, L are fixed sets of dimensions), the sub-matrices in T C can be indicated by Equation (6) , and the sub-matrix T ki,Lj C indicates the dimensions k i th (i.e., D i with p sub-criteria) and the L j th (i.e., D j with q sub-criteria), where
can be further defined in Equation (7). The normalization of
. Thus, the normalized T C can be defined as T N C in Equation (8):
, where 1 ≤ a ≤ q and 1 ≤ β ≤ p,
Step 5: Transpose T N C to be the unweighted supermatrix W in the DANP model (i.e., W = (T N C )). (9) and (10):
Step 6: Obtain the weighted (DEMATEL-adjusted) super-matrix W N = T N D . The raw influential weight w C i of each criterion (i = 1, 2, . . . , n) can then be obtained as lim z→∞ (W N ) z until stable; that is, the raw influential weights of the criteria are w C = (w C 1 , . . . , w C i , . . . , w C n ). Simple Additive Weight method (SAW): With the integrated sustainability performance model as expressed in Labels (9) and (10), the performance score of each alternative on each criterion can be further evaluated by the SAW technique. We applied the SAW technique with the influential weights from DANP to derive the final ranking index for each alternative, as expressed in Equation (11):
Although this hybrid MCDM model may surpass the conventional statistical tools in several ways, mainly the opinions of domain experts and weighting of criteria, it is not without limitations. First, it is difficult to find domain experts who are willing to share their experiences with us because the bankers tend to be conservative and value confidentiality. Second, we interviewed banks' senior executives only. Banks' external auditors could be consulted in the future to provide alternative views about bank sustainability.
Sample and Sources of Data
The variable selection is based on the international standards of BASEL III, and the measures used by the two Taiwan supervisory agencies, TWSE, and FSC. BASEL III focuses on the credit risk of banks by imposing minimum capital requirements. TWSE requires the listed companies to disclose financial information for investors. TWSE evaluates the listed companies by financial ratios that are separated into five categories: financial structure (debt and equity), liquidity (e.g., current ratio), operation efficiency (e.g., receivables turnover), profitability (return on assets, return on equity, earnings per share), and cash flow. FSC that supervises financial institutions monitors banks' loans and deposits to ensure a sound banking system.
We first selected 20 financial indicators as reported by TWSE, such as current ratio and debt-to-equity ratio, seven ratios provided by FSC, such as loan-to-deposit ratio, cost of funds, profit per employee, average net income per employee, etc., and two ratios from BASEL III, namely, capital adequacy ratio and common equity to asset ratio.
After we selected the financial indicators, we conducted personal interviews with seven domain experts (executives from six financial holding companies) who are knowledgeable about banks' sustainable development. In addition, they have many years of practical experiences working at banks, so they are familiar with real-world situations and are capable of choosing the most representative financial ratios for our study. We asked them to examine the financial indicators and give us their opinions as to which ones are most relevant to bank sustainability. Finally, we retained eighteen criteria in five dimensions: operating performance, earnings and profitability, financing structure, growth, and asset quality and liquidity. Table 1 presents the definition of all criteria. Notes: C1 Loans to Deposits Ratio is a ratio that compares a bank's total loans to its total deposits for the same period. C2 Average Cost of Funds is the interest rate paid by financial institutions for the funds that they use in their business. C3 Average Return of Loans is a ratio of interest a bank generates from its loan given to an individual or an institution. C4 Total Assets Turnover is the percentage of a bank's sales generated from its assets. C5 Average Profit per Employee is a ratio that measures income interest and taxes each employee generates for the bank. C6 Average Net Income per Employee is a ratio that measures how much net income before interest and taxes each employee generates for the bank. C7 Return on Tier 1 Capital is a ratio that measures the amount of revenue generated from a bank's equity capital and disclosed reserves. C7 Return on Asset is a ratio that measures net income generated from a bank's assets. C8 Return on Asset is a ratio that measures net income generated from a bank's assets. C9 Return on Equity is a ratio that measures income generated from shareholders' equity. C10 Ratio of Net Income to Net Operating Income is a ratio that measure the percentage of net income in net operating income from property minus all necessary operating expenses. C11 Earnings per Share is a ratio of bank's net income allocated to each share of common stock. C12 Debt Ratio is the ratio that measures a bank's leverage as a percentage of a bank's total assets. C13 Ratio of Non-Interest Investments financed by Equity is a percentage of a bank's fixed assets financed by its shareholders' equity. C14 Asset Growth is a percentage increase in value of a bank's total assets over the previous period. C15 Operating Profit Growth Rate is the percentage increase in a bank's operating income over the previous period. C16 Non-Performing Loan Ratio is the ratio of a bank's loan which the borrower has not made the scheduled payment for a specified period. C17 NPL Coverage Ratio is the ratio that measures a bank's reserves for non-performing loan as a percentage of its total non-performing loan. C18 Capital Adequacy Ratio is a ratio that measures a bank's available capital as a percentage of its risk-weighted credit exposures.
This study includes data of twenty-five listed Taiwanese financial institutions from their monthly financial statements during the period from 2012 to 2016. According to the Financial Supervisory Commission, there were thirty-seven Taiwanese banks in 2017. After deducting eleven non-listed banks and one non-commercial bank, we were left with twenty-five banks.
We designated the twenty-five banks into two broad categories and seven sub-categories by two stages. In the first stage, we divided the banks into two broad categories: financial holding company (FHC) and non-financial holding company (non-FHC). In the second stage, we further separated the groups. The FHC banks were divided into four sub-categories: (1) state-owned FHC banks, (2) FHC with banks as the largest subsidiaries, (3) FHC with insurance companies as the largest subsidiaries, and (4) FHC with securities firms as the largest subsidiaries. The non-FHC banks were divided into three sub-categories: (1) non-FHC state-owned banks, (2) non-FHC private banks, and (3) non-FHC corporate-affiliated banks. Table 2 shows the categories and sub-categories of the twenty-five Taiwanese listed banks. 
Results and Discussion
This study uses the hybrid-MCDM approach consisting of the DEMATEL, DANP, and SAW techniques to identify the sustainability performance of twenty-five Taiwanese listed banks. This paper presents first the relationships between the sustainability performance criteria using the DEMATEL technique, then the weights of these criteria utilizing the DANP method, and finally the overall ranking of banks derived by the SAW technique.
Result of DEMATEL Technique
This study used the 18 × 18 initial average direct-influence matrix A, including eighteen criteria, which can be derived from the monthly financial statements of the twenty-five listed banks. We then followed DEMATEL technique step 2 to obtain the normalized matrix shown in Table 3 by applying Equations (2) and (3). Then, we can derive the total direct/indirect influence-relation matrix of the criteria following the DEMATEL's step 3 based on the normalized matrix in Table 3 . The total influence-relation matrix derived from Equations (4) and (5) is shown in Table 4 . Notes: C1 Loans to Deposits Ratio is a ratio that compares a bank's total loans to its total deposits for the same period. C2 Average Cost of Funds is the interest rate paid by financial institutions for the funds that they use in their business. C3 Average Return of Loans is a ratio of interest a bank generates from its loan given to an individual or an institution. C4 Total Assets Turnover is the percentage of a bank's sales generated from its assets. C5 Average Profit per Employee is a ratio that measures income interest and taxes each employee generates for the bank. C6 Average Net Income per Employee is a ratio that measures how much net income before interest and taxes each employee generates for the bank. C7 Return on Tier 1 Capital is a ratio that measures the amount of revenue generated from a bank's equity capital and disclosed reserves. C7 Return on Asset is a ratio that measures net income generated from a bank's assets. C8 Return on Asset is a ratio that measures net income generated from a bank's assets. C9 Return on Equity is a ratio that measures income generated from shareholders' equity. C10 Ratio of Net Income to Net Operating Income is a ratio that measure the percentage of net income in net operating income from property minus all necessary operating expenses. C11 Earnings per Share is a ratio of bank's net income allocated to each share of common stock. C12 Debt Ratio is the ratio that measures a bank's leverage as a percentage of a bank's total assets. C13 Ratio of Non-Interest Investments financed by Equity is a percentage of a bank's fixed assets financed by its shareholders' equity. C14 Asset Growth is a percentage increase in value of a bank's total assets over the previous period. C15 Operating Profit Growth Rate is the percentage increase in a bank's operating income over the previous period. C16 Non-Performing Loan Ratio is the ratio of a bank's loan which the borrower has not made the scheduled payment for a specified period. C17 NPL Coverage Ratio is the ratio that measures a bank's reserves for non-performing loan as a percentage of its total non-performing loan. C18 Capital Adequacy Ratio is a ratio that measures a bank's available capital as a percentage of its risk-weighted credit exposures.
As shown in Table 5 We then calculate the sums of each D + R and D − R for the five dimensions, as shown in Table 6 . Figure 2 depicts the INRM that illustrates the influential network-relationship of the five dimensions.
As shown in Table 6 and Figure 2 , the analysis of each dimension/criterion reveals that three dimensions-Growth, Operating Performance, and Financial Structure-have greater influence on other dimensions. On the contrary, Earning and Profitability and Asset Quality and Liquidity are more affected by other dimensions. From Figure 3 , we can identify two cause-effect relationships: Return on Tier 1 Capital (C7) affects Ratio of Net Income to Net Operating Income (C10), which affects ROA (C8) and ROE (C9). Figure 4 shows that Debt Ratio (C12) affects Ratio of Non-Interest Investments financed by Equity (C13). Figure 5 indicates that Asset Growth (C14) affects Operating Profit Growth Rate (C15). Figure 6 exhibits that NPL Ratio (C16) affects Capital Adequacy Ratio (C18), which affects NPL Coverage Ratio (C17). Notes: Please define "C" and "1-18" here. C1 Loans to Deposits Ratio is a ratio that compares a bank's total loans to its total deposits for the same period. C2 Average Cost of Funds is the interest rate paid by financial institutions for the funds that they use in their business. C3 Average Return of Loans is a ratio of interest a bank generates from its loan given to an individual or an institution. C4 Total Assets Turnover is the percentage of a bank's sales generated from its assets. C5 Average Profit per Employee is a ratio that measures income interest and taxes each employee generates for the bank. C6 Average Net Income per Employee is a ratio that measures how much net income before interest and taxes each employee generates for the bank. C7 Return on Tier 1 Capital is a ratio that measures the amount of revenue generated from a bank's equity capital and disclosed reserves. C7 Return on Asset is a ratio that measures net income generated from a bank's assets. C8 Return on Asset is a ratio that measures net income generated from a bank's assets. C9 Return on Equity is a ratio that measures income generated from shareholders' equity. C10 Ratio of Net Income to Net Operating Income is a ratio that measure the percentage of net income in net operating income from property minus all necessary operating expenses. C11 Earnings per Share is a ratio of bank's net income allocated to each share of common stock. C12 Debt Ratio is the ratio that measures a bank's leverage as a percentage of a bank's total assets. C13 Ratio of Non-Interest Investments financed by Equity is a percentage of a bank's fixed assets financed by its shareholders' equity. C14 Asset Growth is a percentage increase in value of a bank's total assets over the previous period. C15 Operating Profit Growth Rate is the percentage increase in a bank's operating income over the previous period. C16 Non-Performing Loan Ratio is the ratio of a bank's loan which the borrower has not made the scheduled payment for a specified period. C17 NPL Coverage Ratio is the ratio that measures a bank's reserves for non-performing loan as a percentage of its total non-performing loan. C18 Capital Adequacy Ratio is a ratio that measures a bank's available capital as a percentage of its risk-weighted credit exposures. 
Figure 2. Influential network relationships map (INRM).
As shown in Table 6 and Figure 2 , the analysis of each dimension/criterion reveals that three dimensions-Growth, Operating Performance, and Financial Structure-have greater influence on other dimensions. On the contrary, Earning and Profitability and Asset Quality and Liquidity are more affected by other dimensions. From Figure 3 , we can identify two cause-effect relationships: Return on Tier 1 Capital (C7) affects Ratio of Net Income to Net Operating Income (C10), which affects ROA (C8) and ROE (C9). Figure 4 shows that Debt Ratio (C12) affects Ratio of Non-Interest Investments financed by Equity (C13). Figure 5 indicates that Asset Growth (C14) affects Operating Profit Growth Rate (C15). Figure 6 exhibits that NPL Ratio (C16) affects Capital Adequacy Ratio (C18), which affects NPL Coverage Ratio (C17). As shown in Table 6 and Figure 2 , the analysis of each dimension/criterion reveals that three dimensions-Growth, Operating Performance, and Financial Structure-have greater influence on other dimensions. On the contrary, Earning and Profitability and Asset Quality and Liquidity are more affected by other dimensions. From Figure 3 , we can identify two cause-effect relationships: Return on Tier 1 Capital (C7) affects Ratio of Net Income to Net Operating Income (C10), which affects ROA (C8) and ROE (C9). Figure 4 shows that Debt Ratio (C12) affects Ratio of Non-Interest Investments financed by Equity (C13). Figure 5 indicates that Asset Growth (C14) affects Operating Profit Growth Rate (C15). Figure 6 exhibits that NPL Ratio (C16) affects Capital Adequacy Ratio (C18), which affects NPL Coverage Ratio (C17). Figure 6 . INRM of asset quality and liquidity criteria.
Result of DANP
The utilization of DANP (a combination of DEMATEL and ANP techniques) gives the influential weights for all criteria through three steps.
Step 1. Form an unweighted supermatrix by normalizing the DEMATEL total influence-relation matrix. The unweighted supermatrix is shown in Table 7 . Table 7 . Normalized total influence-relation matrix. Step 2. Derive the weighted supermatrix. We use Table 7 to construct the weighted supermatrix, as shown in Table 8 . Table 8 . Weighted total influence-relation matrix. We calculate the limit-weighted supermatrix lim z→∞ (W) z to the zth power until the supermatrix has converged and become a stable supermatrix. The globe priority vector is the globe weight w g , which is called the DANP weight (global weight). The sum of each DANP weight should be 100%. Local weight shows the relative weight within a dimension. The sum of criteria local weights in a dimension should be 100%. The final DANP weights are shown as Table 9 . 
Result of SAW Technique
The previous studies used SAW to aggregate the final score of the alternatives. We applied this technique to twenty-five Taiwanese banks. The entire data is used to transform the values of the twenty-five banks into performance scores ranging from 0 (worst) to 1 (best) for each criterion. We use a percentile transformation method. For example, if a bank's loan to deposit ratio is ranked on the top, the performance score for this bank on this particular criterion is 1. The score and ranking of each bank using the SAW technique are listed in Table 10 . In the FHC category, the banks that received the top scores were Cathy United Bank (rank 3 out of 25), Mega Bank (4), and Chinatrust Commercial Bank (5), respectively. The FHCs that received the lowest scores were Jih Sun International Bank (19) , Taiwan Cooperative Bank (21) , and Bank of Taiwan (23) . In the non-FHC category, the banks that received the top scores were King's Town Bank (1), the Shanghai Commercial & Savings Bank (2) , and EnTie Commercial Bank (11) . The non-FHCs that received the lowest scores were Taipei Star Bank (22) , Taiwan Business Bank (24) , and Bank of Kaohsiung (25) . The top-performing banks scored above 0.45. Medium-performing banks scored between 0.31 and 0.45. The worst-performing banks below 0.31. The sustainability performance scores of FHC banks and non-FHC banks during the five-year period are listed in Table 11 . As shown, the FHC banks have higher scores than non-FHC banks for four years (2012, 2014, 2015, 2016) . Table 12 lists the sustainability performance scores of the private and state-owned banks. The scores of private banks far exceed those of state-owned banks for all five years from 2012 to 2016. Moreover, we compare banks by their sub-categories. The top categories of banks in sustainability performance are non-FHC corporate-affiliated banks (rank 1), FHCs with insurance companies as the largest subsidiaries (2), and non-FHC private banks (3). Specifically, we see that Cathay United Bank, Fubon Bank, and other financial holding companies with insurance companies as their largest subsidiaries outperform others. The state-owned banks in both FHC and non-FHC categories showed poor performance. Similarly, an FHC with a securities firm as the largest subsidiary falls far below the average score. Table 13 provides the average sustainability performance scores for each type of bank from 2012 to 2016. 
Discussion
This study presents management implications for decision makers of Taiwanese banks to capture key factors of sustainability performance. As shown in Table 11 , the results of a hybrid MCDM approach indicate the order of sustainability performance as follows: non-FHC corporate-affiliated banks, FHCs with insurance companies as their largest subsidiaries, FHCs with banks as their largest subsidiaries, non-FHC private banks, FHC state-owned banks, and non-FHC state-owned banks. Bank managers must scrutinize profit and risk simultaneously in order to measure sustainability and gain a better understanding of bank activities. The Taiwanese financial holding companies usually own and operate in banks, insurance companies, and securities firms. The FHCs with insurance companies as their main subsidiaries have the best sustainability performance from the perspective of profit and risk. Investors who are interested in investing in the banking sector should examine not merely the bank subsidiary, but the overall FHC operating results, including insurance company subsidiaries. These FHCs could be placed on the top of the investment list.
The INRM reveals that growth and operating performance have a greater influence on other dimensions of criteria. In the category of operating performance, cost of funds (interest expense divided by average total deposits) and return of loans (interest revenue to average total loans) have the highest influence. Moreover, it is evident to see that NPL ratio in the category of asset quality and liquidity has a high influence on sustainability performance. These results suggest that bank managers must be aware of the high influence of the cost of funds, return of loans, and NPL ratio. In addition, return on Tier 1 capital influences ROA and ROE, debt ratio influences non-interest assets financed by equity, asset growth influences growth profit, and NPL ratio affects capital adequacy ratio. Understanding these cause-effect relationships helps bank managers identify and formulate policies to deal with the sources of problems. For example, if bank managers want to address the problem of a low ratio of net income to net operating income, they may first examine return on Tier 1 capital instead of other factors.
From the DANP result, the criteria are listed in the order of weight (importance), starting with highest: non-performing loan, followed by profit growth rate, debt ratio, capital adequacy ratio, and asset growth. Non-performing loan represents banks' credit risk when loan customers fail to pay banks the predetermined amount. As shown in INRM, profit growth stems from asset growth. The main assets of banks are loans and securities investments. Non-performing loan ratio and profit growth suggest that, when banks grant loans and make investments in the security markets, they must continually monitor NPL rates. Bank managers should pay more attention to risk than profits to keep their banks sustainable in the long term.
Although it is crucial for banks to grow their interest-bearing assets, such as loans and security investments (stocks and bonds), bank managers should invest more in risk monitoring to keep themselves sustainable. For example, they could design necessary measures to screen out potentially bad loan customers and monitor loan performance to minimize NPL ratio.
Moreover, the findings of this study suggest that focusing purely on asset growth is not optimal. Although asset growth can result in more profits, banks must examine their asset and liability growth.
High liability is associated with high costs of funds, leading to lower profits. Bank managers shall use the lower cost of funds when growing their assets and at the same time search for high-value assets. In addition, bank experts may use retained earnings to invest instead of relying on loans excessively.
Although a greater number of loans creates a higher amount of profits, non-performing loans can harm banks' sustainability. In general, FHC outperformed non-FHC banks from 2012 to 2016. This outcome indicates that financial holding companies may reduce risk through diversification of bank products and service. In addition, when one subsidiary of the financial holding company performs poorly, the other subsidiaries (such as banks and insurance companies) may help increase profits and lower overall risks. This outcome implies that banks can reduce risks by enlarging their business scopes and diversifying financial products and services. The results of this study suggest that it is desirable for small banks to be merged with a larger financial institution to increase their sustainability performance. Moreover, the outcome of this study highlights that private banks outperformed state-owned banks from 2012 to 2016, suggesting that private banks are more sensitive to lower-quality loans and increases of high-quality assets, thus taking the necessary approaches to deal with this problem. Therefore, the Taiwanese government should continue to encourage bank privatization in order to enhance sustainability.
The top-performing bank in sustainability performance is King's Town Bank. It was founded in 1980 and is financially supported by King Group with construction companies and hotels. Most of the bank's customers are associated with the parent company; therefore, the customers have lower credit risks. This type of business model is a new banking system, in which banks exist to support a parent company's customers in providing credits to their businesses. This model is sustainable so long as the parent company continues to work with good customers. These findings indicate the importance of customer referrals. Banks should have more customer referrals in order to both increase their growth and minimize their risks.
Contrary to the conventional wisdom that ROA and return on equity (ROE) are the primary ratios to judge banks' success, this study finds that reduction of NPL ratio-not the pursuit of profits-is the key to banks' sustainability. Therefore, bank policymakers should choose to grow more slowly and seek higher-quality assets to stay in business longer. Bank managers should be trained to be highly sensitive to the risk of loans or investments by monitoring the criteria, such as NPL loan or capital adequacy ratio. Banks should take actions or set policies to prevent NPL loans by examining customers more carefully before granting loans and constantly observing customers' abilities to repay debt.
In short, the results of this study give implications to both bank managers and government authorities. Bank managers can enhance their sustainability by controlling risks and diversifying financial products/services. Government agencies may encourage bank mergers and privatization to keep banks sustainable and help stabilize the economy.
The limitation of the ranking models is that banks with different asset sizes and business scopes may not be compared and ranked on the same scale. Moreover, the screening process of the variables depends on the knowledge of the experts about the bank's circumstances.
Conclusions, Limitations and Future Research
Conclusions
Taiwanese banks have faced severe competition and challenge for globalization over the last several decades. We utilize a performance evaluation model to help bank managers understand the critical factors that affect bank sustainability. This study applies a hybrid MCDM model incorporating DEMATEL, DANP, and SAW techniques to assess the sustainability performance of all Taiwanese listed banks.
First, we focus on operating performance analysis, which reflects bank business operation. Initially, a list of objective financial ratios and indicators were chosen as criteria from five dimensions: operating performance, earnings and profitability, financial structure (debt and equity), growth, and asset quality and liquidity. Then, bank experts provided opinions on the relevance and importance of criteria. Hence, a final list of criteria was decided for this study.
The data collected from the monthly financial statements of twenty-five Taiwanese listed bank during the period from 2012 to 2016 was analyzed using a three-step procedure. First, the DEMATEL technique in the MCDM model demonstrates to decision makers the critical bank sustainability factors through the influential network of INRM. The two most influential dimensions of bank sustainability performance are financial structure and operating performance, which affect three other dimensions: earnings and profitability, growth, and asset quality and liquidity.
Second, the DANP technique in the hybrid MCDM model does not treat every criterion independently and equally. It indicates the influential weight for each criterion in order to identify the most important factors affecting sustainability performance. The top five criteria with the highest weight are NPL ratio, profit growth rate, debt ratio, capital adequacy ratio, and asset growth. Such results imply that risks represented by NPL ratio, debt ratio, capital adequacy ratio are more important than growth represented by profit growth rate and asset growth; and that risk minimization plays a more important role than the pursuit of high growth and profits in ensuring bank sustainability.
Third, we used the SAW technique in the hybrid MCDM model to compute the final score for each bank with a distinct score and weight. Such information provides decision makers with an overall picture of bank sustainability performance. We divided the banks into FHC banks (state-owned banks, FHCs with banks as the largest subsidiaries, FHCs with insurance companies as the largest subsidiaries, FHCs with security firms as the largest subsidiaries) and non-FHC banks (state-owned banks, private banks, and company-affiliated banks). Based on the empirical results of SAW technique, the types of banks with the highest sustainability performance are non-FHC company affiliated banks, financial holding companies with insurance companies as their largest subsidiaries, and financial holding companies with banks as their main business. Such an outcome suggests that banks that are owned by corporations have steady and high-quality customers. In addition, financial holding companies that have insurance companies instead of banks as their largest subsidiaries enjoy high-quality assets, lower debt, and credit risk. Financial holding companies that have banks as their largest subsidiaries can be strengthened by selling fee-income products, such as insurance and securities. Private banks achieve a similar level of sustainability performance as FHCs with banks as their largest subsidiaries, although these private banks are not owned by a large financial holding company. This implies that private banks are more efficient in managing their assets and liabilities in creating higher profits and lower risks. In contrast, state-owned banks under both FHCs and non-FHCs have lower sustainability performance, probably because they tend to rely on the government support for customers and funding, thus ignoring the development of their sustainability strategies among the fierce global competition. In general, FHC banks outperformed non-FHC banks, and private banks outperformed state-owned banks. These findings indicate that FHC banks are more sustainable because they diversify their risks and create higher profits through other businesses, such as selling of insurance and security trading. Private banks display a higher awareness of risk exposure; therefore, private banks formulate strategies to minimize risks and enlarge returns. Such results suggest that governments should continue to encourage the privatization of banks.
In order to track the performance indicators identified in this study, banks managers could use an ERP system which integrates all relevant information, such as deposit, loan, NPL, etc. in a single database. This is an important step that aid bank practitioners in ensuring bank sustainability. A master plan incorporating roadmap, framework, and guidelines can be developed with the participants' involvement and testing. Bank top managers should evaluate such an ERP system regularly after implementation. Changes in the business process to align with ERP functions could further account for the sustainable implementation of ERP. This paper makes several contributions to the banking industry literature. First, this study selects objective financial ratios and indicators to measure banking sustainability, and these factors were verified by experts to ensure their relevance. Second, this paper establishes a hybrid MCDM model incorporating the DEMATEL, DANP, and SAW techniques to evaluate bank sustainability performance. This integrated model provides a structure exhibiting the order of importance in the system for decision makers to comprehend the priority of alternatives in a multiple-criteria environment. Third, we divided the listed banks into several categories and compared FHC and non-FHC banks, and private and public banks. We further analyzed FHCs by categorizing them with either banks or insurance companies as their largest subsidiaries. Such classification provides evidence for investors and bank managers as to what types of banks are more sustainable, so that they may formulate their business strategies accordingly.
Limitations and Future Research
This paper has two limitations. First, the data is limited to Taiwanese listed banks. It would be interesting to compare banks in Taiwan, Hong Kong, and China because investors are likely to invest in the greater China area. Second, the criteria in this study are financial, which may be inadequate to measure the actual performance of financial institutions. In the future, non-financial criteria-such as board composition, political connection, government regulation, and corporate governance-may be added to explore bank sustainability performance further.
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